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Results  of  tests  indicated  : (a)  the  force  required  to  fail  or  override  single  and  multiple  trees  in  the  tropics  can  be  predicted  from 
the  stem  diameter  measured  at  breast  lieight  IDBH),  tb)  the  capability  of  vehicles  to  traverse  tropic  forested  areas  is  highly 
dependent  on  the  driver's  visibility  through  such  areas,  (c)  tropic  grasslands  affect  maneuverability  and  penetration  capabilities  of 
standard  military  vehicles  by  increasing  the  time  and  forces  required  to  travel  through  such  areas,  and  Id)  a single  generalized 
equation  can  be  used  that  accurately  relates  tree  stem  diameter  to  the  force  required  to  fail/override  tropic  trees  using  standard 
military  wheeled  vehicles. 

Formulae  are  given  for  the  following  conditions:  (a)  force  to  fail  a tree  with  an  M151A1,  Vi-ton  truck;  (b)  force  to  fail  a tree 
with  an  M715,  5/4-ton  truck;  (cl  force  to  fail  a tree  with  an  M36A2,  5/2-ton  truck;  (dl  generalized  equation  for  force  required 
to  fail  a tree  with  wheeled  vehicles;  (o)  force  to  fail/ovorride  a tree  with  an  M151A1,  !4-ton  truck;  (f)  force  to  fail/override  a tree 
with  an  M715,  5/4-ton  truck;  (g)  force  to  fall/overrido  a tree  with  an  M36A2,  5/2-ton  truck;  (h)  generalized  equation  for  force  to 
fail/ovcrride  a tree  with  wheeled  veliicles;  and  (i)  relative  force  required  to  fail/override  multiple  trees  as  opposed  to  single  trees. 
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During  FY72  tlic  United  Slates  Army  Tropic  Test  Center  (USAITC)  conducted  a 
methodology  investigation  to  evaluate  suhtests  currently  being  conducted  or  that  could 
be  devised  to  evaluate  the  interaction  of  vehicles  with  terrain,  and  to  suggest  appiopriate 
subtests  for  use  in  tropic  vehicular  testing.  Although  several  tests  were  found  acceptable, 
techniques  foi  quantifying  the  interaction  of  vehicles  with  vegetation  were  found  to  be 
lacking.  This  led  USATTC  to  develop  a formal  requirement  for  research  to  investiga  c 
techniques  for  evaluating  vchiclc/vcgetatioii  interactions.  The  Commander,  United  Stains 
Army  Test  and  Evaluation  Command,  approved  the  research  proposal  in  June  1973  and 
provided  funds  foi  its  accomplishment.  Testing  was  conducted  during  the  rainy  season  of 
1974. 
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capabilities  of  the  AMC  ’71  Mobility  Model. 
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SECTION  /■  VEGETA TION  O VERRIDE  TEST  METHODS 
INTRODUCTION 


Background 

There  are  many  facets  of  the  environment  that  influence  the  capability  of  a vehicle 
to  move  cross-country.  These  include  such  factors  as  soil  strength,  slope  characteristics, 
vegetation  characteristics,  and  hydrologic  features.  For  a number  of  years  research 
sponsored  by  the  Army  Materiel  Command  (AMC)  and  other  DOD  organizations  has  been 
conducted  in  the  mobility  field  in  an  effort  to  quantify  the  relations  between  vehicular 
mobility  characteristics  ^md  the  environment.  Much  of  the  research  emphasis  has  been 
placed  on  the  conduct  of  vehicular  peiformancc  studies  in  the  natural  environment. 
Considerable  efforts,  however,  have  also  been  expended  on  development  of  mathematical 
modeis  for  predicting  vehicle  performance  characteristics  and  on  development  of 
techniques  for  classifying  terrain  features  in  such  a manner  that  they  arc  meaningful  in 
terms  of  predicting  trafficability  conditions. 

One  of  ihe  earlier  vehicular  performance  studies  in  the  tropics  was  conducted  in  the 
Republic  of  Panama  by  the  Ut-  itmy  Transportation  Board  during  the  early  1960s.  These 
studies  conducted  under  the  S^  amp  Fox  I'  and  Swamp  Fox  projects  were  designed 
to  permit  development  of  accurate  scientific  and  engineering  data  on  the  relationship 
between  equipment  and  ihe  environment.  Results  showed  tracked  vchi  Jes  to  be  superior  to 
wheeled  vehicles  for  use  in  tropic.il  terr.iin.  Marginal  performance  was  obtained  from 
wheeled  vehicles  equipped  with  standard  military  and  commercial  tires;  but,  in  general, 
only  the  aggressive  tread,  wide-base  tires  provided  such  vehicles  even  marginal  off-road 
mobility. 

In  addition  to  the  Swamp  Fox  studies  conducted  in  Panama,  many  other 
government  ..gencies  have  performed  mobility  research  in  tropit.al  regions  of  the  world.  In 
the  1960s,  potential  trouble  spots  in  Southeast  Asia,  equatorial  Africa,  and  the  Caribbean 
area  highlighted  the  necessity  of  seeking  improvements  in  die  US  Army’s  capability  to 
operate  effectively  in  tropic  environments.  Numerous  tests^'^  were  conducted  by  the  US 
Military  Research  and  Development  Center  in  Thailand.  Basically  these  tests  were 
comparisons  of  one  or  more  vehicles  to  determine  the  most  suitable  for  use  in  tropic 
combat  areas  such  as  Vietnam.  Tests  of  the  M715,  5/4-ton  truck’'  are  typical  of  those 
conducted.  Objectives  were  to  determine  the  capability  of  the  M715,  equipped  with 
standard  9x  16  tires,  to  operate  cross-country  on  jungle  and  mountain  trails,  and  also  if 
the  cross-country  mobility  of  the  M715  could  be  improved  by  using  oversize  tires 
(11  X 18  and  15  x 19.5)  or  tire  chains.  The  M37B  truck  (cargo,  3/4-ton,  4x4)  equipped 

' Swamp  Fox  I,  1962. 

^ Swamp  Fox  II,  1964. 

MRDC  Semiannual  Report  15  May— 15  Nov  65. 

^ Mobility  Tests  of  the  XM-57I  in  Thailand. 

® Comparative  Tests  of  the  XM-56I,  XM-57I,  SPRYTE,  M-I16,  and  M-37  in  Thailand. 

® "MUDLARK":  Tests  of  the  FV  432  STALWART.  Ml  13-112,  M551  and  FV  347  in  Thailand. 

Tests  in  Thailand  of  Truck,  Cargo,  I'A-Ton,  4X4,  M7I5. 
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with  standard  9 x 16  tires  .vas  used  as  the  comparison  vehicle.  Results  indicated  that  the 
M715  with  standard  t.'rcs  was  unsatisfactory  for  off-the-road  operations  when 
encountering  soft  soils  and  jungle  and  mountain  trails.  Data  indicated  a significant 
improvement  in  cross-country  mobility  when  the  M715  was  equipped  with  overside  tires. 
The  cross-country  mobility  of  the  M37B  with  standard  tires  was  better  than  that  of  the 
M715  with  standard  tiros.  The  M715  equipped  with  standard  tires  performed  well  on 
highways  ,md  improved  hard-surface  roads.  Oversi/.e  tires  were  recommended  for  use  for 
cross-country  operations,  including  driving  over  jungle  and  mountain  trails  in  Thailand. 

The  US  Army  Waterways  Experiment  Station  (USAWES),  which  conducted 
numerous  tests®”'  ^ in  the  tropics  and  other  regions  of  the  v/orld,  has  contributed  to 
quantification  of  the  effects  of  the  environment  on  vehicular  mobility  and  to 
development  of  mathematical  models  for  predicting  vehicle  performance  characteristics. 
Typical  of  tests  conducted  by  USAWES  arc  a study*  of  the  effects  of  jungle  trail 
characteristics  on  vehicle  performance  and  a study’  of  soil-vehicle  relations  on  soft  clay 
soils.  In  the  jungle  trail  tests  conducted  in  Thailand  vehicles  with  widths  approaching  90 
inches  had  difficulty  along  jungle  trails.  Overhanging  vegetation  and  fallen  trees  restricted 
driver  visibility  and  damaged  windshields  on  vehicles  with  heights  of  80  inches  or  more. 
Slippery  soils  and  steep  streambanks  plagued  trail  operations;  deep  ruts  in  the  trail 
surface  also  caused  considerable  problems.  Nonamphibious  vehicles  had  numerous  engine 
failures  in  fording  operations.  In  the  soil-vehicle  relations  study,  66 
acceleration-deceleration  tests  were  conducted  with  three  wheeled  and  two  tracked 
vehicles  at  five  separate  sites  in  Thailand.  The  principal  conclusion  was  that  vehicle 
deceleration  in  soft  clay  soils  can  be  correlated  with  soil  strength  expressed  as  the  average 
0-  to  6-inch  cone  index.  Analysis  indicated  that  acceleration  increased  with  an  increase  in 
soil  strength,  but  no  definitive  correlation  could  be  established.  Semiempirical  and 
empirical  relations  were  used  in  a first-geneiation  analytical  model  to  predict  average 
speed  over  the  test  courses.  Comparisons  of  measured  and  predicted  speeds  led  to 
recommendations  for  specific  additional  studies  to  improve  the  reliability  of  the  USAWES 
analytical  model. 

The  US  Army  T>'opic  Test  Center  (USATTC)  has  conducted  mobility  evaluations  of 
military  vehicles  in  the  tropics  for  a number  of  years.  Vehicles  tested  have  included 
the  LVTPX12  assault  amphibian  personnel  carrier'^  and  the  XM561  5/4-ton  truck. 
Evaluation  of  the  LVTPX12  included  jungle  mobility  tests  conducted  in  open  marsh 
art„s,  mangrove  swamps,  lowland  jungle,  upland  jungle,  elephant  grass  and  river  banks. 
Basically,  the  LVTPX12  was  operated  as  far  as  it  would  go.  In  some  instances  this  amounted 
to  50  miles;  in  others,  a few  hundred  meters.  The  LVTPX12  was  found  to  be  capable  of 
performing  well  in  open  marsh  and  lowland  jungle,  but  it  was  often  immobiliiicd  in  other 

Utility  Carrier  Development  Program, Rep.  I,  Limited  Study  u/Effecti  of  Jungle  Trail  Charaetcristics  on  Performance  of 

Selected  Self-Propelled  Vehicles. 

An  Analytical  Model  for  Predicting  Cross-Country  Vehicle  Performance,  App.  F.  Soil-  Vehicle  Relations  on  Soft  Clay 

Soils  (Surface  Composition). 

An  Analytical  Model  for  Predicting  Cross-Country  Vehicle  Performance,  App.  B.  Vchicl-  Performance  in  Lateral  and 

Longitudinal  Obstacles  (Vegetation),  Vol.  II:  Longitudinal  Obstacles. 

‘ One-Pass  Performance  of  Vehicles  on  Fine-Grained  Soils. 

An  Analytical  Model  for  Predicting  Cross-Country  Vehicle  Performance,  App.  D.  Performance  of  Amphibious  Vehicles 

in  the  Water-Land  Interface  (Hydrologic  Geometry). 

Assault  Amphibian  Personnel  Carrier,  Experimental  (LVTPXI2). 

Integrated  Engineering/Service  (Tropic  Environmental)  Test  of  Truck,  Cargo,  I’A-Ton,  6x6,  XM561. 
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iireas.  Alter  15  miles  in  the  jungle  grassland  area,  excessive  grass  buildup  in  the 
suspension  system  caused  the  track  to  be  thrown  repeatedly  from  the  sprocket. The 
vehicle’s  fragile  bow  pod  and  lighter  weight  prevented  it  from  smashing  through  the  derse 
mangrove  trees.  Exits  from  rivers  with  steep  muddy  banks  presented  problems  when 
carrying  a 10,000-pound  combat  load;  however,  in  the  combat  equipped  condition  the 
vehicle  successfully  negotiated  80  percent  of  the  same  exit  points.  In  most  test  areas  the 
L\  FPX12  exhibited  mobility  characteristics  superior  to  the  two  accompanying  Ml  13 
Armored  IPersonnel  Carriers. 

Emphasis  during  the  XM561  tests  was  placed  on  endurance,  reliability,  and  mobility 
operations.  A total  of  1500  miles  was  accumulated  on  the  truck  while  carrying  a rated 
payload.  The  test  vehicle  exhibited  superior  overall  performance  over  other  comparable 
tactical  wlieeled  vehicles.  The  most  important  areas  requiring  improvement  included  brake 
endurance  and  ease  of  steering. 

Prior  to  1967  at  USATTC,  this  type  of  testing  was  for  the  most  part  through  use  of 
unimproved  roads  located  throughout  the  Canal  Zone  and,  in  most  cases,  in  areas  in 
which  a given  terrain  type  was  presumed  to  prevail.  Terrain  studies  were  conducted  on  a 
nonmcthodical  and  usually  subjective  basis,  consisting  of  a few  soil  strength 
measu.^ements,  qualitative  vegetation  desciiptions,  and  generdiiied  slope  determinations. 
After  i0^7  at  USATTC,  tests  were  expanded  to  include  off-road  testing;  however, 
quantificatw/.’  of  the  influence  of  the  environment  on  vehicle  mobility  was  not  changed 
significantly,  n <’cd  was  established  for  objective  quantification  and  systematizing  of 
terrain  factors  and  c'^eir  effects  on  vehicular  cross-country  mobility.  In  May  1970,  the 
Commander,  US  .Army  . -t  and  Evaluation  Command  (TECOM),  recognized  the  recurring 
need  by  the  Army  for  sy  stematic  cv.iluation  of  the  mobility  of  military  vehicles  in  tropic 
environments  and  direct  d that  USATTC  take  action  to  improve  its  vehicular  test 
capabilities. 

USATTC’s  initial  efforts'*'  in  this  direction  were  divided  into  two  subtasks,  mobility 
techniques  and  mobility  test  areas.  The  investigation  categorized  tropic  terrain  factors  as 
soils,  vegetation,  topography,  and  hydrography;  developed  three  new  measurement 
procedures  using  simplified  instrumentation;  described  procedures  for  field  measurement 
of  vegetation,  stem-spacing  density,  grass  density,  soil  textural  classification,  soil  sampling, 
and  soil  mass  strength;  designated  11  off-road  mobility  areas,  nine  chosen  for  distinct 
vegetation  types  and  two  as  representing  Atlantic  and  Pacific  coastal  interfaces ; 
dcsign.itcd  one  on-road  course  typifying  terrain  variation  in  the  Canal  Zone;  mapped 
locations,  distribution  of  predominant  slopes,  and  topography  of  each  of  the  12  mobility 
areas. 


In  1971  USATTC  conducted  a methodology  investigation'^  to  establish  or  adapt 
standard  test  procedures  for  use  in  the  tropics  for  evaluating  the  suitability  of  newly 
developed  vehicles.  The  result  of  this  investigation  was  the  selection  of  a number  of  test 
procedures:  (a)  one-pass  VCl,  (b)  maximum  drawbar  pull,  (c)  acceleration-deceleration, 
(d)  slope-negotiation,  (c)  maneuverability,  (f)  motion  resistance-soil  strength,  and 
(g)  natural  obstacle  tests  for  use  in  tropic  mobility  tests. 
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Canal  Zone  Mobility  Test  Areas  and  Terrain  ‘.ieasurements. 

Environmental  Mapping  of  Tropic  Test  Sites,  Rep.  II,  Vehicular  Response  Investigation. 
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While  the  tests  discussed  in  tl\e  above  paragraphs  provided  techniques  for  evaluating 
the  influence  of  most  environmental  factors  previously  mentioned,  tliey  were  not 
designed  to  provide  adequate  techniques  to  determine  influence  of  vegetation 
characteristics  on  the  capability  of  vehicles  to  move  cross-country.  USAWES,  US  Army 
Transportation  Board,  and  the  Land  Locomotion  Laboratory  of  the  US  Army 
Tank-Automotive  Center  (TACOM)  have  conducted  most  of  the  research  to  quantitatively 
define  vehicular/vegctation  interactions.  The  open  literature  consists  primarily  of  work 
done  by  the  United  States  and  its  Allies,  only  one  reference  was  found  on  work  done  in 
the  U.S.S.R.  This  study  briefly  reports  an  empirical  relation  between  felling  moments  of 
trees  and  stem  diameter  in  tests  conducted  in  the  Tunguska  meteorite  area  in  Russia.” 
The  results  of  the  mobility/vegetation  interaction  test  by  USAWES”  in  the  temperate 
United  States  and  Asian  tropics  (Thailand)  also  support  the  conclusion  that  force  and 
work  to  fail  and  override  single  and  multiple  trees  may  be  predicted  from  the  stem 
diameter. 

Although  much  has  been  witten  about  the  impact  of  various  environmental  factors 
on  the  capability  of  a vehicle  to  move  across  terrain,  integration  of  individual  test  results 
into  a comprehensive  model  for  the  interaction  of  vehicles  and  terrain  has  proven  a 
complex  task.  Recently  there  has  emerged  an  analytical  system  which  promises  to  provide 
the  standard  procedures  so  long  needed  for  mobility  evaluations.  This  system,  called  the 
AMC  ’71  Mobility  Model,'®’  is  incomplete  and  inaccurate  in  some  of  its  facets;  but 
additional  research  such  as  the  study  reported  herein  under  the  sponsorship  of  AMC  is 
expected  to  remedy  these  deficiencies.  The  AMC  ’71  Mobility  Model  r widely  recognized 
in  the  mobility  field  as  die  best  presently  available  tool  for  evaluating  mobility  and  has 
been  successfully  used  by  vehicle  designers,  evaluators,  procurers,  deployers,  and 
operations  analysts. 

Objective 

This  investigation  was  directed  by  TECOM  as  a result  of  recommendations  made  in 
the  report”  covering  the  earlier  mobility  investigations  at  USATTC.  From  these  earlier 
studies,  techniques  for  quantifying  vehicular/vegetation  interactions  were  recognized  as 
requiring  further  development.  Objectives  of  the  present  investigation  were  as  follows: 

• Evaluate  subtests  designed  to  measure  the  interaction  of  vehicles  with  tropic 
vegetation  and  suggest  appropriate  subtests  for  use  in  the  conduct  of  tropic  vehicular 
studies. 

• Compile  performance  data  from  tests  with  several  vehicles  to  obtain  a data  bank 
for  future  test  reference. 

» Provide  test  data  for  use  by  TACOM  in  the  further  verification  and  refinement  of 
the  AMC  ’71  Mobility  Model. 

• Develop  procedures  for  the  modification  of  Materiel  Test  Procedures  2-3-504  and 
2-4-003:  “Cross-Country  Mobility”  and  “Wheeled,  Tracked,  and  General  Purpose 
Vehicles.” 

Operation  of  Trucks  in  Tropical  Climates  and  in  Land  and  Desert  Terrain,  September  1970. 

'®  The  AMC  ’71  Mobility  Model,  Vol.  /.July  1973. 

The  AMC  ’71  Mobility  Model,  Vol.  //.July  1973. 
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DETAILS  OF  INVESTIGATION 


General 


A total  of  345  mobility  tests  were  conducted  in  the  Canal  Zone  to  evaluate  the 
capabilities  of  standard  military  wheeled  vehicles  to  override  and  maneuver  through  tropic 
vegetated  areas.  In  the  original  plan,  tracked  vehicles  were  also  to  be  evaluated  but  arc 
not  included  because  of  readiness  commitments  of  the  host  command.  Details  on  types 
of  tests  conducted,  procedures  used,  and  results  obtained  arc  in  the  following  paragraphs. 

Description  of  Test  Areas 


All  phases  of  the  vchicular/vcgctation  tests  were  conducted  during  the  rainy  season  in 
tlie  USATTC  Gamboa  A-1  test  area  (figure  1),  located  in  the  middle  of  the  Isthmus.  Five 
test  sites  along  Pipeline  road  (designated  A through  E in  figure  1)  were  used  for  the 
grassland  and  tropic  forest  tests.  These  five  sites  were  selected  for  relative  uniformity  of 
vegetation  and  tcrniin  characteristics  and  lack  of  environmental  extremes  such  as  low  soil 
strengths,  slopes,  and  obstacles.  The  test  sites  were  mainly  level  with  greater  than  90 
percent  of  their  area  having  less  than  a 2 percent  slope.  The  boundaries  of  the  individual 
test  sites  were  defined  by  streams  and  sloping  terrain. 

Vegetation  at  all  sites  was  characterized  by  Tropic  Moist  Forest  as  defined  by  the 
Holdridge  Life  Zonc^°  system  of  classification.  The  vegetation  in  the  area  was 
approximately  30-year-old  secondary  growth.  The  few  large  emergent  trees  scattered 
throughout  the  test  area  were  uncut  remnants  from  a previous  forest.  Vegetation  closest 
to  Pipeline  Road  was  primarily  tropical  grasses,  Gyneritm  sagittatiim  (figure  2).  This  grass 
was  a uniform  4 to  6 feet  tall  due  to  persistent  cutting  and/or  burning.  The  vegetation 
farther  from  the  road  was  a relatively  uniform  stand  of  advanced  secondary  growth  30  to 
40  years  old  (figure  3).  The  tree  species  represented  those  normally  associated  with 
secondary  growtlis,  i.e.,  Miconia  s'p,  Apeiba  sp,Annona  sp,  Luehea  sp,  Cochlospermum  sp, 
Cecropia  sp,  and  Guazuma  sp.  A few  mature  forest  species  were  present  that  will 
eventually  form  the  character  of  the  mature  forest.  These  trees  were  generally  young  and 
had  not  yet  attained  their  mature  stature.  The  relative  youth  of  the  forest  in  this  area 
provided  an  open  canopy  and  subsequent  dense  undergrowth  characterized  by  shrubs, 
herbs,  and  vines.  The  density  of  this  undergrowth  can  provide  sufficient  mass  to  be  an 
impediment  to  the  movement  of  both  man  and  vehicles  due  to  its  obscuration  and  mass. 

In  planning  the  single-tree  failure  and  override  tests,  it  was  recognized  that  the 
proximity  of  trees  and  dense  undergrowth  would  make  it  impossible  to  move  the  vehicles 
into  position  for  tree  failure  force  measurements  for  unobstructed  single  trees.  To 
facilitate  these  problems,  approach  lanes  were  bulldozed  into  the  jungle  and  the  dense 
undergrowth  removed  by  hand  cutting  as  shown  in  figure  4.  The  test  sites  for  the 
multiple-tree  failure/override  and  vegetation  maneuverability  tests  were  altered  only  by 
bulldozing  approach  lanes  to  permit  access  to  the  test  sites;  the  undergrowth  was  left 
undisturbed. 

Soils  in  the  test  sites  were  very  uniform  and  consisted  primarily  of  fine-grained  soils 
classified  as  MH  under  the  Unified  Soil  Classification  System  (USCS).^ ' The  drainage 
20 

The  Forest  Environments  in  Tropical  Life  Zones,  P<rmagon  Press,  NY,  1971. 
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Figure  1.  Map  of  Gamboa  A-1  Test  Areas. 
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within  the  test  sites  was  such  that  inundation  or  puddling  of  water  never  occurred,  hence 
soil  strengtlis  remained  relatively  stable  throughout  the  year.  Average  cone  index  of  the 
0-  to  6-inch  layer  was  240. 


Types  of  Vehicles  Tested 


The  vehicles  used  in  this  program  were  tlic  (a)  M151A1,  '/i-ton  truck;  (b)M715, 
5/4-ton  truck;  and  (c)  M36A2,  5/2-ton  truck;  general  view  of  each  is  shown  in  figure  5 
These  vehicles  were  standard  military  vehicles  with  tlie  exception  that  metal  cages  were 
added,  as  illustrated  in  figure  5a,  to  protect  occupants  from  falling  limbs,  etc.  A listing  of 
the  physical  characteristics  of  each  vehicle,  pertinent  in  mobility  analyses,  is  shown 
below. 

Table  1.  Vehicle  Characteristics 


of  Vehicle 

Characteristics 

M151A1,  Va-Ton 
without  Winch 

M715,  5/4-Ton 
with  Winch 

M36A2,  5/2-Ton 
with  Winch 

Vehicle  Weight— Empty 

2,400 

6,000 

15,750 

(pounds) 

1 

Cross-Country  Payload 

800 

2,500 

5,000 

with  Personnel  (pounds) 
Tires 

1 

1 

1 

1 

-Number 

4 

4 

10 

-Size 

7.00  x 16 

9.00  X 16 

9.00  X 20 

—Tread  Type 

Nondirectional 

Nondirectional 

Nondirectional 

—Ply  Rating 

Cross-Country 

6 

Cross-Country 

8 

Cross-Country 

8 

—Tire  Pressure  (psi) 

Front— 20 

Front— 25 

Front— 35 

Rear— 20 

Rear— 45 

Rear— 35 

Engine 

-Type 

Gasoline 

Gasoline 

Multi-fuel 

—Brake  Horsepower 

71  @ 4000rpm 

132  ia>  4000rpin 

140  @ 2600rpm 

—Transmission 

Mechanical 

Mechanical 

Mechanical 

Bumper  Height  (inches)* 

20 

24 

34 

Ground  Clearance  (inches)t 

9 

10 

12 

Dimensions 

—Length  (inches) 

132 

221 

224 

-Width  (inches) 

63 

85 

96 

—Height  (inches) 

53 

95 

124 

Tractive  Force  (pounds)  $ 

2,195 

7,460 

12,340 

One-Pass  Vehicle  Cone  Index  § 

21 

29 

28 

• Height  measured  from  ground  to  bottom  of  bumper, 
t Vehicle  loaded  to  cross-country  load  limit. 

i Tractive  force  shovjn  based  on  drawbar  pull  at  20  percent  slippage  on  paved  surface. 

§ Minimum  soil  strength  required  to  enable  vehicle  to  transit  a ievei  area  one  time. 

USAWES,  The  Unified  Soil  Classification  System,  Tech  Memo  No.  3-357,  Vol.  1,  March  1953  (Revised  April  1960). 
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M71 5,  5/4-Ton  Truck.  d.  M36A2,  5/2-Ton  Truck. 

Figure  5.  Types  of  Vehicular  Equipment  Used  in  Test  Program. 


Types  of  Tests  Conducted 

Seven  different  types  of  vehicular  mobility  tests  were  conducted  during  the  course 
of  this  methodology  investigation.  These  tests  arc  summarized  in  table  2. 

Table  2.  Types  and  Number  of  Tests  Completed 


~"--^^Type  of  Vehicle 

M151A1, 

M715 

M36A2 

Total  for 

'A -Ton 

5/4-Ton 

5/2-Ton 

Each  Type 

Type  of  Test 

Truck 

Truck 

Truck 

of  Test 

Single-Tree  Failure 

37 

39 

39 

115 

Single-Tree  Override 

32 

32 

36 

100 

Multiple-Tree  Failure 

4 

3 

3 

10 

Multiple-Tree  Ow'^ride 

4 

3 

3 

10 

Grassland  Penetration 

5 

4 

4 

13 

Maneuverability 

—Tropic  Forest 

10 

8 

10 

28 

—Grassland 

3 

3 

3 

9 

Vehicle  Motion  Resistance 

12 

22 

26 

60 

Total  for  Each 
Type  of  Vehicle 

107 

114 

124 

345 

Vehicular  Load  Conditions 


During  testing  the  vehicles  were  loaded  with  concrete  blocks  up  to  their 
cross-country  payload  as  specified  by  technical  manuals  applicable  to  each  vehicle 
(table  1).  Cargo  loading  was  such  tliat  practically  no  weight  shift  occurred  even  under  the 
most  rigorous  test  conditons.  Vehicle  curb  weights  were  determined  from  measured 
weights  of  the  loads  and ' published  gross  weights  of  the  vehicles.  Tire  pressures  for 
cross-country  driving  were  verified  by  the  driver  during  his  daily  organizational 
maintenance  schedule. 

Test  Procedures 

Single-Tree  Failure  and  Override  Tests.  These  tests  evaluated  the  forces  required  of 
standard  military  vehicles  to  fail  and  override  single  trees  characteristic  of  tropic  forested 
areas.  Since  a driver  would  rarely  attempt  to  override  a tree  standing  alonc-he  would 
simply  detour  around— the  primary  purpose  of  these  tests  was  to  verify  and  refine  the 
AMC’71  Mobility  Model,  The  validation  and  refinement  of  this  model  for  particular 
application  in  tropic  regions  of  the  world  provide  developers  with  a sound  basis  for  a 
comprehensive  analytical  model  of  vehicle  performance. 
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The  tests  were  conducted  by  measuring  the  forces  required  by  each  vehicle  to  first 
fail  a tree  and  then  to  override  it.  Prior  to  each  test,  individual  drivers  were  thoroughly 
oriented  on  procedures  to  be  followed  as  discussed  in  the  following  paragraphs. 

First  the  test  site  v;as  cleared  of  all  undergrowth  and  an  approach  lane  bulldozed 
into  the  jungle,  as  illustrated  in  figure  4.  Measurements  were  then  made  of  environmental 
parameters  considered  pertinent  to  the  tests  being  conducted;  i.e.,  tree  type;  branching 
height;  tree  height;  crown  diameter;  stem  diameter  at  breast  height  (DBH);  stem  basal 
diameter;  and  cone  indices  of  the  0-  to  6-inch  and  6-  to  12-inch,  and  12-  to  18-inch  soil 
layers.  In  addition,  bulk  soil  samples  were  eollected  from  the  0-  to  6-inch  and  6-  to  12-inch 
layers  for  soil  type  classification  and  moisture  content  measurements.  Remarks  as  to  any 
unusual  environmental  circumstances  were  also  recorded.  Examples  of  data  measurements 
being  taken  in  the  field  are  illustrated  in  figure  6. 

After  collection  of  these  data,  the  test  vehicle  was  maneuvered  into  a position  to 
center  the  test  tree  against  its  front  bumper  and  be  in  line  with  a second  vehicle  whose 
winch  would  be  used  to  pull  the  test  vehicle  over  the  test  tree  (figure  7). 

The  cable  from  the  winch  of  the  second  vehicle  was  then  connected  to  the  front 
bumper  of  the  test  vehicle  dirough  a V-shaped  arrangement  that  permitted  even  pull  on 
both  shackles  of  the  front  bumper  without  interfering  with  failure  of  the  *j£C.  A 
20,000-pound  load  cell  was  spliced  into  the  winch  cable  to  obtain  a measure  of  the 
forces  being  exerted  on  the  test  vehicle  as  it  was  winched  over  the  tree.  The  driver  of  the 
test  vehicle  then  placed  his  vehicle  in  :ill-whecl  drive  and  shifted  the  transmission  into 
neutral  position.  The  test  vehicle  was  then  winched  until  the  tree  failed  due  to  root  or 
stem  failure,  or  until  the  tree  was  pushed  down  due  to  bending.  At  this  point  the  tree 
was  considered  failed,  and  tlie  distance  that  the  test  vehicle  had  moved  was  recorded  for 
use  in  computing  the  total  work  required  to  fail  the  tree.  During  this  winching  action, 
continuous  recordings  of  the  forces  being  exerted  through  the  load  cell  were  made  using 
the  instrumentation  shown  in  figure  8. 

The  winching  action  was  initiated  again,  and  recordings  were  made  of  forces  being 
exerted  thro'igh  the  winch  cable  until  the  test  vehicle  had  cleared  the  branches  of  the 
failed  tree.  The  distance  the  test  vehicle  had  moved  from  the  point  of  tree  failure  until 
clearing  the  tree  crown  was  recorded  for  total  work  computations,  as  discussed  in  the 
previous  paragraph. 

Typical  views  of  the  test  vehicle  failing  and  overriding  a tree  arc  shown  in  figure  9. 

Multiple-Tree  Failurc/Ovcrridc  Tests.  These  tests  were  designed  to  investigate  the 
relation  between  single-tree  and  multiple-tree  failure  and  override  forces.  The  primary 
difference  between  the  multiple-  and  single-tree  tests  was  that,  in  multiple-tree  tests, 
failing  of  any  one  tree  was  interfered  with  by  neighboring  trees  due  to  crown 
entanglement  and  vines.  The  positioning  and  winching  of  the  test  vehicle  in  these  tests 
was  the  same  as  described  in  previous  paragraphs  covering  ingle-trec  failure/overridc  tests. 
Test  sites  used  in  this  phase  of  testing  were  selected  with  tree  sizes  appropriate  to  the 
vehicle  being  tested  as  determined  by  single-tree  failure  data.  A view  of  a typical 
multiple-tree  failure/overridc  test  being  conducted  is  shown  in  figure  10. 
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Figure  7.  M715,  5/4-Ton  Truck,  Positioned  for  Single-Tree  Failure/Override  Test. 


Gra.°sland  Penetration  Tests.  These  tests  were  designed  to  determine  the  motion 
resistance  imposed  by  tropic  grassland  areas  to  vehicular  movement.  The  test  vehicles 
were  again  positioned  and  winched  as  described  in  the  single-tree  failure/override  tests. 
Environmental  data  were  recorded  on  such  factors  as  stem  density  and  cone  indices.  Bulk 
soil  samples  were  analyzed  for  soil  type  classification  and  moisture  content.  After  these 
data  had  been  collected,  the  vehicle  was  winched  through  the  undisturbed  grass  area  with 
force  and  distance  .measurements  being  recorded.  The  vehicle  was  then  returned  to  the 
starting  point  and  again  winched  through  the  same  path  with  the  grass  already  Battened 
by  the  initial  pass  of  the  test  vehicle.  A typical  view  of  a test  vehicle  entering  a grassland 
test  area  is  shown  in  figure  11. 

Tropic  Forest  Maneuverability  Tests.  These  tests  were  designed  to  determine  the 
capability  of  standard  military  vehicles  to  progress  through  uncleared  tropic  forested 
areas.  The  information  gathered  during  these  tests  was  used  to  identify  the  limits  of 
vegetation  undergrowth  and  stem  spacing  of  trees  on  vehicular  mobility.  Vehicle  drivers 
operated  within  defined  test  site  boundaries  but  were  allowed  to  maneuver  (stop, 
back-up,  go  forward,  or  turn)  at  will  in  their  attempts  to  traverse  an  area.  Each  test  was 
considered  completed  when  the  area  was  traversed  or  the  test  vehicle  was  stopped  by 
damage  or  vegetation.  Test  sites  used  in  this  phase  of  the  study  were  chosen  so  that 
variations  in  other  environmental  parameters,  such  jis  soil  strength  and  topography,  were 
not  confounded  with  vegetation  effects. 

In  the  conduct  of  the  tests,  the  driver  approached  the  test  site  through  approach 
lanes  bulldozed  into  the  jungle,  as  discussed  earlier.  He  was  instructed  as  to  the  general 
direction  in  which  to  drive  and  was  told  to  traverse  the  area  as  far  as  possible  or  until  he 
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reached  an  approach  lane  on  Uie  opposite  side  of  the  test  area.  Speed  and  direction  of 
travel  were  left  to  his  discretion  with  the  exception  that  he  was  instructed  to  move 
through  the  area  as  fast  as  he  considered  safe.  The  driver  then  drove  into  the  jungle  and 
progressed  as  far  as  possible.  As  he  moved  through  the  jungle,  the  number  of  times  that 
he  stopped  and  backed  up  to  maneuver  around  trees,  the  total  transit  time,  and  the 
distance  travelled  were  recorded  using  a 5th-wheel,  time  generator  and  magnetic  tape 
recording  system.  At  the  point  where  a vehicle  was  immobilized,  the  reason  (type, 
spacing,  and  stem  diameter  of  vegetation;  obstacle;  or  vehicle  damage)  was  noted.  The 
path  that  the  vehicle  had  traversed  was  then  characterized  with  regard  to  soil  type, 
moisture  content  and  strength,  and  minimum  spacing  of  trees.  Descriptions  of  vegetative 
undergrowth  were  also  made.  Any  trees  overriden  during  the  experiment  were  considered 
part  of  the  undergrowth. 

The  course  traversed  by  the  vehicle  was  then  cleared  of  all  undergrowth,  and  the 
test  vehicle  returned  along  .he  same  path  as  rapidly  as  the  driver  considered  safe.  During 
this  portion  of  the  test,  travel  time  out  was  recorded  for  comparison  with  travel  time  in. 

Figures  12  tlirough  14  show  typical  views  of  test  areas,  vehicular  damage  during 
tests,  and  characteristics  of  vegetation  that  halted  vehicular  movement  through  the  test 
areas. 


Tropic  Grassland  Maneuverability  Tests.  Objective  of  these  tests  was  to  determine 
the  extent  to  which  tropic  grasslands  i.mpcded  the  movement  of  vehicles.  The  tests  were 
conducted  in  the  same  manner  as  described  for  maneuverability  through  forests,  but  test 
areas  contained  only  grass  and  a few  small  shrub-type  plants.  Although  no  vehicular 
damages  were  sustained  during  this  phase  of  testing,  figure  15  illustrates  a potential 
hazard  causing  overheating-  of  vehicles  during  and  after  prolonged  travel  through  tropic 
grasslands. 

Vehicle  Motion  Resistance.  Test  objective  was  to  obtain  a measure  of  the  force 
required  to  overcome  the  motion  resistance  of  the  vehicle.  The  tests  were  conducted  in 
the  same  areas  as  the  single-tree  failure/override  tests  with  all  vegetation  removed  from 
the  path  of  the  vehicle.  The  instrumentation  and  procedures  described  earlier  for 
single-tree  failure/override  tests  were, used  in  this  phase  of  testing. 
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b.  Looking  Out  from  Jungle  along  Path  Traversed  by  Test  Vehicle  during 


Tropic  Forest  Tests. 

Figure  12.  Typical  Views  of  Tropic  Forest  Maneuverability  Test  Areas. 


b.  Damage  To  Vehicle  Resulting  in  Stoppage. 

Figure  14.  Vegetation  Entanglement  and  Vehicular  Damage  Resulting  in  Stoppage 
during  Tropic  Forest  Maneuverability  Tests. 
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ANALYSIS  AND  RESULTS  OBTAINED 


General 


Results  of  these  studies  and  methods  of  analysis  used  are  discussed  in  the  following 
paragraphs.  A summary  of  results,  tables  D-1  tlrrough  D-5,  provides  the  following 
applicable  data,  (a)  vegetation  characteristics  including  type,  stem  diameter,  basal 
diameter,  tree  hciglit,  crown  diameter,  branching  height,  and  stem  density,  (b)  soil 
characteristics  including  USCS  soil  type  classification  in  the  0-  to  6-inch  and  6-  to  12-inch 
layers,  and  cone  indices  in  6-inch  layers  to  a depth  of  18  inches;  (c)  mode  of  failure  of  a 
tree;  (d)  reason  for  immobilisation  of  the  vehicle;  (e)  remarks  regarding  pertinent  test 
anomalies;  and  (f)  major  vehicle  test  results. 

Single-Tree  Failure  Tests 

Results  obtained  in  this  phase  of  testing  are  listed  in  table  D-1  with  methods  of 
analysis  discussed  below. 

Tlie  first  step,  in  the  search  to  establish  mathematical  relations  describing  the  force 
required  by  a vehicle  in  order  to  fail  a tree,  was  to  find  environmental  parameter(s) 
which  would  show  the  best  correlation  with  the  measured  forces.  This  was  done  by 
studying  (a)  scatter  diagrams  illustrating  the  relation  between  the  various  environmental 
parameters  measured  and  the  forces  required  to  fail  a tree,  and  (b)  correlation  matrices 
produced  by  a multiple  linear  regression  analysis.  The  environmental  parameter  with  the 
highest  correlation  was  found  to  be  tree  stem  diameter  as  measured  at  breast  height. 

In  an  effort  to  use  this  parameter  in  establishing  mathematical  relations,  it  was 
understood  tliat  a portion  of  force  required  to  fail  a tree  would  be  caused  by  motion 
resistance  of  the  vehicle  itself.  These  motion  resistances  were  measured  during  separate 
tests,  described  earlier,  and  are  summarized  in  table  3. 

Table  3.  Summary  of  Motion  Resistance  Test  Results 


'■'^•^Type  of  Vehicle 
Data  Obtained 

M151A1 

%-Ton 

Truck 

M715 

5/4-Ton 

Truck 

M36A2 

5/2-Ton 

Truck 

Mean  Motion  Resistance 
(pounds) 

365 

930 

1735 

Standard  Error  of  Estimate 

65 

206 

297 

Range  of  Values 

300-500 

600-1500 

1400-2500 

Number  of  Tests  Conducted 

12 

22 

26 

! 

Multiple  regression  aiuilysis  showed  that  the  following  formula  best  predicted  the  total 
forces: 

F = Fq  + ad^  (1) 

where  F equals  the  total  force  needed  to  fail  a tree,  Fq  equals  the  force  required  to 
overcome  motion  resistance,  d equals  stem  diameter,  and  a and  b arc  empirical  constants. 
The  formulae  generated  for  the  force  required  to  fail  a single  tree  were  as  follows: 

F = 365  + 197d2-°3  M151A1,  ’A-ton  truck  (2) 

F = 930  + 319d^-®^  M7 15,  5/4-ton  truck  (3) 

F = 1735  + 356d^-^2  M36A2,  5/2-ton  truck  (4) 

Plots  of  curves  generated  from  these  formulae  alcmg  with  their  correlation  coefficients 
and  90  percent  predictive  intervals  arc  shown  in  figures  16  through  18.  In  development 
of  these  formulae,  consideration  was  given  to  the  maximum  force  (tractive  force)  that 
each  vehicle  could  produce.  Because  of  the  manner  in  which  these  tests  were  conducted 
(winching  of  vehicles  as  opposed  to  self-propelled  action),  it  was  possible  that  some  of 
the  trees  failed  would  not  be  failed  if  the  vehicles  developed  forces  by  a self-propelled 
action.  In  the  ease  of  the  5/4-  and  5/2-ton  trucks,  winching  introduced  no  problems  since 
the  tractive  forces  produced  by  tlicse  vehicles  are  sufficient  to  fail  all  trees  tested  with  a 
minimum  amount  of  additional  force  required  from  the  inertia  of  the  vehicles.  In  the 
ease  of  the  '/*-ton  tinck,  however,  the  tractive  force  is  relatively  small,  and  only  those 
trees  that  could  be  failed  with  the  vehicle  travelling  at  a maximum  speed  of  5mph  were 
considered  in  development  of  the  force  equation.  This  speed  was  judged  the  maximum  at 
which  a diivcr  would  attempt  to  override  a tree— taking  into  account  his  personal  safety. 

After  development  of  these  equations  for  each  vehicle,  an  attempt  was  made  to 
develop  a general  equation  suitable  for  use  for  all  three  vehicles.  Using  all  data  and  the 
individual  Fq  values  for  the  three  vehicles,  the  following  formula  was  found  to  yield  the 
best  fit: 


F = Fq  + 285d^-^9  (5) 

Plots  of  this  general  equation  ;ire  shown  in  figures  19  through  21.  Examination  of  the 
standard  error  of  estimate  value.®  obtained,  using  this  general  equation  as  opposed  to  the 
equations  developed  for  each  individual  vehicle,  yielded  only  small  differences.  These 
small  differences  are  also  noticeable  when  comparing  the  correlation  coefficients. 

Single-Tree  Override  Tests 

In  development  of  mathematical  relations  describing  the  capability  of  standard 
military  vehicles  to  travel  through  vegetated  areas,  the  capability  of  a vehicle  to  fail  a tree 
is  of  little  importance  unless  the  vehicle  can  then  crush  the  branches  of  the  tree  and 
develop  sufficient  force  to  override  the  tree  (clc;u-  the  trunk  and  crown).  Table  D-1 
summarizes  the  results  of  tests  conducted  to  override  trees  w'th  the  MI51A1,  !4-(on 
truck,  M7l5,  5/4-ton  truck;  and  M36A2,  5/2-ton  truck.  Using  the  computerized 
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techniques  described  previously  for  single-tree  failure  tests,  the  following  equations  were 
devcloj)cd  for  the  forces  required  to  fail  and  override  single  tropic  trees. 


F = 365  + 200d2-02 

M151A1, 14 -ton  truck 

(6) 

F = 930  + 303d 

M715,  5/4-ton  truck 

(7) 

F = 1735  + 472d^-SS 

M36A2,  5/2-tpn  truck 

(8) 

Plots  of  these  formulae  along  with  their  correlation  coefficients  and  90-percent  prediction 
intervals  are  shown  in  figures  22  through  24.  In  development  of  these  equations  the 
maximum  force  measured  in  either  fail  or  override  tests  was  used,  since  both  must  be 
considered  if  a vehicle  is  to  be  capable  of  overriding  a tree.  The  work  (force  multiplied 
by  distance)  required  to  override  a tree  was  not  taken  into  consideration  in  development 
of  these  equations,  because  it  was  assumed  that  if  a vehicle  is  capable  of  producing  the 
force  required  to  fail  and/or  override  a tree,  the  distance  the  force  is  exerted  is  of  no 
practical  importance. 

Again,  an  attempt  was  made  to  develop  a general  equation  that  would  be  suitable 
for  use  for  all  three  vehicles.  Using  all  data  and  the  individual  Fq  values  for  the  three 
vehicles,  the  following  formula  was  found  to  yield  the  best  fit: 

F = Fo  + 318d^-'7^  (9) 

Plots  of  this  general  equation  are  shown  in  figures  25  through  27.  Again,  examination  of 
the  standard  errors  of  estimate  «md  correlation  coefficients  obtained  using  this  general 
equation  as  opposed  to  the  equations  developed  for  each  individual  vehicle  reflects  only 
small  differences. 

Multiple-Tree  Failure/Override  Tests 

In  the  test  area,  vines  entangle  tite  branches  of  adjoining  trees  and  tlie  crown  and 
trunk  of  one  tree  interferes  v/ith  the  felling  of  another  tree  .learby.  Also,  because  the 
underbrush  and  trees  were  not  thinned  out  .is  in  tlic  single-tree  fa’lure/ovcrride  tests, 
more  than  one  tree  might  be  encountered  at  the  same  time  as  die  vehicles  traversed  the 
test  course.  This  is  illustrated  in  figure  28  which  shows  the  number,  type,  and  size  of 
vegetat’on  along  a typical  test  course. 

The  results  obtained  in  the  multiple-tree  failurc/o\ erride  tests  are  contained  in  table 
D-2.  In  order  to  compare  .he  force  required  to  fail  and  override  single  tree  versus  that 
requi.ed  to  fail  arid  override  multiple  trees,  the  effective  stem  diameter  of  the  trees 
encountered  along  the  test  course  was  computed  as  shov.n  in  figure  28.  The  average  stem 
diameter  for  each  course  was  then  computed  and,  together  with  equations  6 through  8, 
the  force  required  to  override  single  trees  having  the  same  s.crn  diameter  were  computed. 
A graph  comparing  the  values  obtained  is  in  figure  29.  This  plot  shows  that  only 
approximately  10  percent  m.  re  force  is  required  to  override  multiple  trees  than  single 
trees. 


3b 


Force  (pounds  x 1000) 


Figure  25.  Force  Required  to  Fail  and  Override  a Tree  with  M151A1,  %-Ton  Truck 
(from  General  Equation). 


<IL 


Stem  Diameter  (inches) 

Figure  26.  Force  Required  to  Fail  and  Override  a Tree  with  M715, 5/4-Ton  Truck 
(from  General  Equation), 
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DISTANCE 

(fee:) 


COURSE 


TYPE 

VEGETATION 


INDIVIDUALLY 
MEASURED 
STEM  DIAMETER 

CnchDs) 


COMPUTED* 
EFFECTIVE 
STEM  DIAMETER 

(inches) 


2 Trees 

1.4,  2.0 

2.44 

2 Vines 

1.6,  1.2 

2.00 

2 Trees 

1.1,  1.5 

1.86 

Tree 

0.6 

0.60 

2 Trees 

1.7,  1.7 

2.40 

3 Trees 

1.0,  1.5,  0.9 

2.01 

Tree 

2.5 

2.50 

2 Trees 

0.5,  0.5 

0.71 

4 Vines 

1.4,  0.8,  1.1,  1.1 

2.24 

Tree 

0.4 

0.40 

3 Vines 

0.9,  1.2,  0.7 

1.66 

Tree 

2.1 

2.10 

Tree 

1.1 

1.10 

Palm 

6.0 

6.00 

Tree 

1.7 

1.70 

Tre<. 

0.5 

0.50 

Tree 

0.75 

Palm 

1.9 

1.90 

Tree 

0.5 

0.50 

^ average  EfFECriVE  STEM  DIAMETER  176 

clian,oroV.hT  «re" 

cross*sectional  areas  of  the  individual  trees-  on  ( « oa  equal  to  the  sum  of  the  stem 

Figure  28.  Typical  Multiple-Tree  Failure/Override  Test  Course 
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Grassland  Penetration  Tests 


Results  of  tills  phase  of  testing  are  found  in  table  D-3.  Effects  of  tropic  grass  on  the 
movement  of  vehicles  off-road  were  determined  by  comparing  the  average  force  required  to 
move  through  test  lanes— first  with  the  grasslands  undisturbed  and  then  with  the  grass 
crushed  down  by  vehicular  movement  along  the  test  lane.  The  results  are  summarized  in  the 
following  tabulation. 


Table  4.  Summary  of  Grassland  Penetration  Test  Results 


Type  of  Vehicle 

Average  Force 
Required  to 
Traverse  Area  with 
Standing  Grass 

Average  Force 
Required  to 
T reverse  Area  with 
Grass  Re.-noved 

Increase  in  Force 
Due  to  Grass 

(pounds) 

(pounds) 

(percent) 

M151A1,  y4-Ton  Truck 

420 

390 

7.7 

M715,  5/4'Ton  Truck 

925 

825 

12.1 

M36A2,  5/2-Ton  Truck 

1325 

1112 

19.2 

All  Vehicles 

890 

776 

14.7 

Tropic  Grassland  Maneuverability  Tests 


Details  of  the  grassland  maneuverability  tests  are  given  in  table  D-4  and  arc 
summarized  below: 

Table  5.  Summary  of  Tropic  Grassland  Maneuverability  Test  Results 


Type  of  Vehicle 

Average  Time 
Required  to  Traverse 
Test  Course  with 
Standing  Grass 

Average  Time 
Required  to  Traverse 
Test  Course  with 
Grass  Removed 

Ratio  of  Time 
Required  with  and 
without  Grass  in  Path 

(seconds) 

(seconds) 

M151A1,  ’/4-Ton  Truck 

72.0 

59.7 

1.21 

M715,  5/4-Ton  Truck 

32.3 

25.7 

1.26 

M36A2,  5/2-Ton  Truck 

58.3 

38.3 

1.52 

All  Vehicles 

54.2 

41.2 

1.32 

Tropic  Forest  Maneuverability  Tests 

Results  obtained  for  this  phase  of  tes'ting  are  in  table  D-5  and  are  shown  graphically  in 
figure  30.  Figure  30  shows  that  the  capability  of  a vehicle  to  maneuver  through  tropic 
forested  areas  falls  off  rapidly  beyond  approximately  100  feel,  which  is  roughly  equal  to 
the  outer  limit  of  visibility  through  tropic  vegetation.^  ^ This  indicates  tliat  one  of  the 
primary  limiting  factors  on  tlie  capability  of  vehicles  may  be  the  driver’s  inability  to 
make  decisions  regarding  changes  in  route  selection  once  having  entered  the  dense  forest. 
22  ~ ' 

Jungle  Vision  VII:  Seasonal  Variations  in  Personnel  Detectability  in  a Semideciduous  Tropical  Forest. 
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Another  measure  for  determining  the  influence  of  tropic  vegetation  on 
maneuverability  of  vehicles  is  to  compare  the  time  required  to  transit  a test  course  with 
and  without  vegetation  along  the  path.  This  was  accomplished  for  the  tests  reported 
herein  with  results  summarized  in  the  following  tabulation. 

Table  6.  Summary  of  Tropic  Forest  Maneuverability  Test  Results 


Type  of  Vehicle 

Average  Time 
Required  to  Traverse 
Test  Course  with 
Vegetation 

Average  Time 
Required  , Traverse 
Test  Course  with 
Vegetation  Removed 

Ratio  of  Time 
Required  with  and 
without  Vegetation 
in  Path 

(seconds) 

(seconds) 

M151A1,  ’/4-Ton  Truck 

55.0 

21.8 

2.52 

M715,  5/4-Ton  Truck 

64.6 

16.1 

4.01 

M36A2,  5/2-Ton  Truck 

48.4 

26.2 

1.85 

All  Vehicles 

56.0 

21.4 

2.62 
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CONCLUSIONS 


The  following  conclusions  arc  offered: 

• A single  gcncriilizcd  equation  can  be  used  that  accurately  relates  tree  stem 
diameter  to  the  force  required  to  fail  and  override  tropic  trees  using  standard  military 
wheeled  vehicles. 

• The  force  required  to  fail  or  override  a single  standing  tree  can  be  predicted  from 
the  stem  diameter  at  breast  height  with  95  percent  confidence. 

• The  force  required  to  fail  or  override  tropic  trees  in  multiple  arrays  is 
approximately  1.1  times  the  force  required  to  fail  or  override  a single  standing  tree;  this 
force  can  be  predicted  from  the  stem  diameter  at  breast  height. 

• Tropic  grasslands  affect  the  movement  of  vehicles  cross-country  by  requiring  an 
average  of  14.7  percent  more  force  to  override  standing  grass  as  opposed  to  movement 
through  cleared  areas,  and  increasing  by  an  average  of  1.30  the  time  required  to  traverse 
areas  with  standing  grass  as  against  time  to  traverse  areas  cleared  of  grass. 

• The  capability  of  standard  military  vehicles  to  traverse  tropic  forested  areas  is  highh 
dependent  on  the  visibility  through  such  areas,  i.e  , drivers  have  difficulty  selecting  an 
alternate  course  once  they  have  entered  the  forested  area. 

• Performance  data  compiled  for  the  three  military  vehicles  tested  (M151A1,  14-ton; 
M715,  5/4-ton;  and  M36A2,  5/2-ton  trucks)  offer  sufficient  guidance  to  plan  future  tests  to 
evaluate  the  influence  of  tropic  vegetation  on  vehicular  mobility. 


RECOMMENDATIONS' 


It  is  recommended  that: 

• The  test  methods  set  forth  in  this  study  be  used  in  all  future  tropic  mobility  tests 
requiring  vegetation  override  data. 

• The  results  obtained  in  this  study  be  used  by  TACOM  for  verification  and 
refinement  of  the  AMC  ’71  Mobility  Model. 

• The  test  procedures  reported  here  and  in  an  earlier  USATTC  mobility 
investigation,  TECOM  Project  9 CO  009  000  013,*®  be  used  to  update  MTPs  2-3-504^^ 
and  2-4-003, or  TOP  M-008.^® 


MTP  No.  2-3-504,  Cross-Country  Mobility,  April  1970. 

MTP  No.  2-4-003,  Wheeled,  Tracked,  and  General  Purpose  Vehicles,  Ma;'  1971. 
TOP  No.  1-1008,  Tropic  Environmental  Considerations,  March  1972. 
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SECTION  II.  APPENDICES 


APPENDIX  A.  CORRESPONDENCE 


DEPARTMIiNT  OF  I'llE  ARMY 
Hcavlquartcrs,  U.  S.  Army  Test  and  Iwaluation  Command 
Aberdeen  Proving  Ground,  Maryland  21005 

(COPY) 

AMSTK-ME  (22  Feb  73)  1st  Ind  Mr.  Crovvcll/dg/870-2775 

SUBJECT;  Special  Study,  Mobilit>  Description  of  Terrain 

Headquarters,  US  Army  Test  and  Evaluation  Command,  Aberdeen  Proving  Ground, 
.Maryland  21005  9 Mar  1*973 

TO  Commander,  US  Army  Tank-Automotive  Command,  ATTN:  AMSTA-RUR,  Warren, 
Michigan  48090 

1.  Reference  letter  AMSTE-ME,  30  Aug  72,  subject:  Minutes  of  Mobility  Meeting, 
16  Aug  1972. 

2.  Reference  letter  with  inclosure  was  furnished  your  headquarters  on  30  Aug  1972. 
TACOM  was  represented  at  that  meeting  by  Mr.  Howard  Dugoff  of  your  office. 

3.  The  puqjose  of  (he  reference  meeting  was  to  initiate  action  for  standardization  of 
mobility  testing  throughout  the  TECOM  complex  and  to  determine  a practical  approach 
toward  obtaining  realism  in  such  testing.  Presentations  were  made  by  representatives  from 
the  Tropic  Test  Center,  the  .Arctic  Test  Center,  Yuma  Proving  Ground  and  the  Armor 
and  Engineer  Board.  With  the  exception  of  the  Arctic  Test  Center,  which  agency  has  a 
unique  weather  related  problem,  the  test  agencies  were  developing  terrain  and/or  test 
course  definitions.  The  difference  in  procedures  used  .u  the  agencies  to  accomplish  these 
definitions  was  due  to  the  varying  technical  capabilities  available.  Additionally, 
presentations  by  WES  and  AMSAA  covered  the  AMC-71  ground  mobility  model  and  the 
activities  of  the  Army  Wheels  Study  Group. 

4.  At  the  conclusion  of  the  meeting  iV:.  Dugoff  stated  that  our  mapping  and  test  course 
improvement  programs  were  producing  information  that  would  be  valuable  in  obtaining 
our  eventual  goal  and  also  contribute  to  improving  the  predictive  capability  of  the  AMC 
model.  .Mr.  Dugoff  furtlier  stated  that  the  model,  in  spite  of  its  many  advantages,  could 
not  be  substituted  for  actual  field  testing. 

5.  From  the  above  it  can  be  seen  that  our  problems  are  not  so  much  related  to  lack  of 
knowledge  of  what  has  previously  been  accomplished  in  the  field  of  mobility  testing  but 
what  should  be  our  best  direction  of  effort  when  terrain  and  course  definition  has  been 
completed.  Some  of  the  basic  areas  of  required  lus'estigations  as  seer:  by  this  headquarters 
arc; 


a.  Obtaining  realism  is  natural  environment  testing  to  insure  that  lest  item 
experience  near  identical  stresses  as  will  be  encountered  in  the  field. 
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b.  Insuring  uniformity  of  testing  and  the  development  of  the  necessary  course 
maintenance  procedures. 

c.  Determining  the  causes  for  satisfactory  vehicular  performance  at  one  test  site  and 
failure  at  another  under  similar  terrain  and  climatic  conditions. 

d.  In.suring  that  tests  are  neither  too  severe  nor  too  benign  resulting  in  over  or  under 
design  of  equipment. 

e.  Isolating  environmentally  induced  problems  from  those  resulting  from  quality 
assurance,  maintenance  or  human  behavior. 

f.  Defining  the  correct  test  media  for  natural  environment  vehicular  tests.  The 
question  e-Kists  as  to  whether  terrain  and  vegetation  in  an  approximately  original  state  is  a 
more  realistic  than  a media  that  has  been  subject  to  previous  disturbance. 

g.  Correlating  natural  test  site  characteristics  with  area  of  probable  combat. 

h.  Precise  determination  of  the  effects  of  snow  characteristics  fdepth,  density,  crystal 
size,  etc.)  on  vehicular  performance. 

6.  Your  offer  of  assistance  is  appreciated.  Mr.  Dugoff  will  be  contacted  after  allowing 
time  for  this  reply  to  be  evaluated  by  your  agency.  Contact  at  this  headquarters  is  Mr. 
A.  W.  Crowell,  AMSTE-ME,  Aulovon  870-2775. 

FOR  THE  COMMANDER: 


/s/Sidney  Wise 
/t/SlDNEY  WISE 

Dir,  Methodology  Improvement 

CF: 

Cdr,  USATTC,  ATTN:  STETC-AD 
Cdr,  YPG,  ATTN;  STEYP-MMI 
Cdr,  APG,  ATTN:  STEAP-MT 
Cdr,  USAATC,  ATTN:  STEAC-PL-MI 
Cdr,  AMSAA,  ATTN:  AMXSY-CM 
Cdr,  USACRREL,  ATTN:  Dr.  Harrison 
Pres,  USARENBD,  ATTN:  STEBB-MO 
Dir,  WES,  ATTN:  WES-FS 
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SUBJECI  : lost  DiiTcti\c,  Mobility  rcsim,!>  in  Natural  Kinironmcnts  TECOM  Project  No. 
9-CO-009-000-0 1 5 


Commander 

U.S  .\rmy  Tropic  Test  Center 
ATTN;  STETC-PD-M 
Drawer  942 
Fort  Clayton,  C/ 


1.  Relerences: 


a.  TECOM  Remdalion  70-12,  dated  1 June  1973. 

1).  l.eiter,  AMSTE-.ME,  25  May  1973,  subject:  FY-74  Methodology  Program, 
c.  Letter,  .‘\MS  TE-ME,  20  September  1972,  subject  as  above. 

2.  Tins  Iciter  and  .ittached  STE  Form  1189  (Inc!  11  constitute  a test  directive  for 
loiitinuation  ol  the  subject  investigation  undei  the  TECOM  Methodology  Improvement 
Program  1117(557021)625.  During  FY-74  only  RD'T&E  funds  are  being  provided. 

3.  1 he  Methodology  Imestigation  Proposal  at  Inclosure  2 and  the  additional  guidance 
provided  at  Inclosure  3 are  the  bases  for  headquarters  approval  of  the  subject 
investigation.  Any  deviation  liom  the  approved  scope,  pioccdures,  and  autliori/ed  cost 
will  require  approval  from  this  headquarters  prior  to  execution. 

4.  Special  Instructions: 

a.  All  reporting  will  be  in  consonance  with  paragraph  9,  lefcrence  la.  The  final 
report,  when  .ipplicable,  will  be  submitted  to  this  headquarters  by  15  June  1974. 

b.  Recommendations  on  new  TOP’s,  or  revisions  to  existing  TCP’s  will  be 
included  as  part  of  the  recommendation  section  of  the  final  report  (para  9c,  TECR 
70-12).  final  decision  on  the  scope  ol  the  TOP  effort  will  be  made  by  this  headquarters 
as  part  of  the  report  approval  process. 
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TEST  Plan  PhAS£ 
DOCUMENTS  RECEIVED 
Plan  submitted 
PLAN  APPROVED 
EXTERNAL  APPROVAL  RECEIVED 


TEST  ITEM  RECEIVED 
TESTING  INITIATED 
INTERIM  EVENT 
TESTING  COMPLETED 
REPORT  SUBMITTED 
TEST  COMPLETED 
RETIRE  TO  historical  F(LE 


¥.rmAr/f\(i. 


SUSMITtEO  SY  (Signoturta  Dolt) 

'ly 

I Y / 5?  , 5 


APPROVED  (SignotiTi  i Oa\t) 


STE  FORM  1189,  I JUL  71 
Ind  1 
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1.  TITLE:  Mobility  In  Natural  Environments— 9 CO  009  000  015 

2.  INSTALLATION:  U.S.  Army  Tropic  Test  Center 

P.O.  Drawer  942 

Fort  Clayton,  Canal  T^one 

3.  PRINCIPAL  INVESTIGATCP  Bill  R.  Davis 

Analysis  Branch 
STETC-OO-A 
Autovon  313-285-3318 

4.  BACKGROUND:  This  is  a continuation  of  TECOM  Project  9 CO  009  000  015, 
Mobilitv  In  Natural  Environments,  which  was  initiated  in  FY  72  and  continued  tl"‘u 
FY  73.  To  date  the  following  items  have  been  accomplished:  (a)  an  evaluation  had  been 
made  of  e.\isting  state-of-the-art  techniques  for  use  in  determining  the  mobility 
characteristics  of  materiel  items  and  the  following  tests  were  recommended  for  use  in 
tropic  testing-one-pass  VCI  tests,  maximum  drawbar  pull-soil  strength  tests, 
acceleration-deceleration  tests,  slope  negotiation  tests,  maneuverability  tests,  motion 
resistance-soil  strength  tests,  obstacle  tests,  and  vegetation  tests;  (b)  techniques  for 
predicting  vegetation  density  in  the  tropics  were  developed;  and  (c)  approximately  eighty 
percent  of  the  20,000  acres  contained  in  presently  assigned  Tropic  'Pest  Center  test  areas 
have  been  mapped  with  respect  to  their  topographic,  soils,  vegetation,  hydrologic,  and 
climatic  characteristics.  Portions  of  the  results  of  these  investigations  have  been  publ.shed 
in  two  reports  entitled  “Environmental  Mapping  of  Tropic  Test  Sites,  Report  I,  A 
Comparison  of  Three  Methods  For  Predicting  Vegetation  Density  In  the  Humid  Tropics” 
and  “Environmental  Mapping  of  Tropic  Test  Sites,  Report  II,  Vehicular  Response 
Investigations.”  In  addition  a TOP  on  techniques  for  determining  tropic  vegetation  density 
characteristics  has  been  written  and  is  awaiting  review  and  publication. 

5.  STATEMENT  OF  THE  PROBLEM:  Adequate  guidelines  do  not  exist  at  the 
interaction  of  military  vehicle'  and  tropic  vegetation,  i.e.,  the  ability  of  a vehicle  to 
override  or  maneuver  thru  the  jungle.  In  addition  the  procedures  developed  under  earlier 
phases  of  this  program  as  outlined  in  paragraph  4(a)  above  have  not  been  incorporated 
into  a TOP  for  use  by  Test  Officers. 

6.  GOAL: 

a.  The  investigation  will  result  in  definitive  guidelines  for  use  by  Test  Officers  in 
evaluating  the  performance  capabilities  of  military  vehicles  in  the  tropics.  Results  of  this 
investigation  will  be  incorporated  in  MTP  2-4-003,  “Tropical  Environmental  Test  of 
Wheeled  and  Tracked  Vehicles.” 

b.  This  investigation  will  provide  environmental  factor  maps  for  use  with  aerial 
mosaics  as  guides  for  selection  of  appropriate  test  sites  to  meet  Test  Directive 
requirements. 

c.  The  investigation  will  result  in  definitive  descriptions  of  the  physical 
characteristics  of  tlie  major  test  areas  under  the  control  of  the  US  Army  Tropic  Test 
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Center.  Results  of  tliis  investigation  wil!  be  incorporated  in  TOP  1-1-008,  “Tropic 
Environmental  Considerations”.  Where  feasible  the  environmental  parameters  wil.'  be 
characterized  in  a format  < oinpatible  with  the  AMC  Mobility  Model. 

7.  DESCRIPTION  OE  INVESTIGATION: 


In  addition  to  those  tasks  discussed  in  paragraph  4 above,  the  following  tasks  will  be 
accomplished:  (a)  Techniques  for  determining  the  influence  of  tropic  vegetation  on 
vehicular  movement  will  be  evaluated.  Test  sites  will  be  selecied  that  arc  representative  of 
tropic  forests,  and  field  tests  will  be  conducted  to  determine  the  vehiclc/vegetation 
interactions.  The  vehicles  ability  to  override  and  maneuver  thru  tropic  vegetation  will  be 
evaluated,  (b)  Standardized  mobility  <est  courses  will  be  established  to  facilitate  future 
testing  in  the  tropics.  Selection  of  these  courses  will  be  made  to  rellect  varying  degrees  of 
operational  difficulty  for  vehicles. 

8.  lUSTlEICATlON: 

a.  Association  with  Mission: 

(1)  'I’ECOM  is  the  only  Army  Command  with  a subordinate  test  unit  for  tropic 
materiel  tests  and  a permanent  resetneh  group  in  the  tropics  with  the  capability  to 
conduct  the  investigations.  Determining  tlic  effects  or  non-effects  of  the  tropics  on 
materiel  items  is  the  primary  mission  of  these  units,  part  of  TTC. 

(2)  Although  other  Army  Installations  and  Commands  ha'.  • environmental  missions 
(e.g..  Waterways  Experiment  Station  and  US  Army  Natick  Laboratorl*  ;),  past  attempts  to 
obtain  nonreimbursable  support  for  Tropic  Test  mission-oriented  projects  have  met  w'th 
little  success.  Army  wide  RDTE  funding  levels  for  tropic  research  programs  oUcr  little 
promise  for  future  non-l'ECOM  support. 

b.  Present  ca|)abilit^,  limitations,  improvement,  and  impact  of  test  if  not 
approved: 

(1)  Present  Capability: 

In  the  past  evaluation  of  vehicles  in  the  tropics  has  been  conducted  for  the  most  part 
on  a “Go-No-Go”  basis.  In  the  early  phases  of  this  investigation,  state-of-the-art 
techniques  were  evaluated  and  tests  procedures  selected  lor  use  by  test  officers  in 
evaluation  of  vehicular  performance  capabilities  in  the  tropics.  The  selected  tests  cc  vers 
all  phases  of  the  environment  that  are  considered  significant  from  a mobility  standpoint 
with  the  exception  of  vegetation.  At  the  present  time  guidelines  for  evaluating  the 
influence  of  vegetation  on  vehicular  movement  have  not  been  firmly  establi.shed. 

(2)  Limitations: 

Evaluation  of  vehicle  performance  is  limited  at  the  present  time  to  consideration  of 
such  factors  as  soil  strength,  slope  characteristics,  and  natural  obstacles.  The  effects  of 
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vegetation,  which  is  probably  the  most  significant  tropic  environmental  parameter  in 
terms  of  restricting  veliicular  movement,  cannot  be  evaluated. 

(3)  Improvement: 

Standiudization  of  instrumentation  and  testing  techniques  for  cross-country  mobility 
in  a tropic  environment  will  be  accomplished.  It  will  then  be  possible  to  compare  vehicle 
performance  sequentially  and  on  test  courses  of  similar  difficulty. 

(4)  Impact: 

(a)  The  primary  effect  of  “failure  to  fund’’  is  the  loss  of  appro.ximately  an 
§152,000  investment  during  FY  72  and  FY  73. 

(b)  The  pc. formance  capabilities  of  newly  developed  vehicles  cannot  be  adequately 
evaluated  under  existing  guidelines  available  to  test  officers. 

c.  Dollar  Savings: 


Tangible  dollar  savings  cannot  be  determined.  The  investigation  is  one  more  in  a 
series  directed  toward  the  number  one  methodology'  problem  at  TTC— the  means  to  more 
precisely  interpret  the  tropic  environment  and  predict  its  effects  on  mobility. 

d.  Workland: 


Over  tlic  past  six  (6)  years  the  U.S.  Army  Tropic  Test  Center  has  experienced  51 
tests  directly  pertinent  to  this  investigation.  The  number  of  tests  are  shown  below  by  test 
type. 


J]I_^^_SIlJ^^IU^CFj^ET_  TOTAL 
11  7 5 II  5 2 7 1 1 ] 51 

The  anticipated  future  workload  is  36  tests.  Examples  of  items  anticipated  for 
testing  arc: 


Item 

FY  _7£ 

75 

76 

77 

78 

Armored  Rccon  Scout 

ST 

ST 

Shelter  System  M51 

ES 

Mine  Dispensing  Subsystem 

ST 

TOW 

SU 

SU 

SU 

SU 

SU 

Sand  Bags 

PI 

Prefab  Airfield  Surfacing 

ED 

ED 

ED 

Dcscrt-7'ropic  Test,  CTG  762mm 

SU 

SU 

SU 

SU 

SU 

Tank,  Fabric,  M263 

IP 

IP 

Improved  Float  Bridge 

ST 
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c.  Association  with  Requirements  Documents: 


Requirements  taken  from  specified  cquirements  documents  (SDR,  QMD)  are  listed 
below. 

(1)  Small  Development  Requirement  for  a Tactical  Infantry  Load  Carrier.  “It  will 
be  capable  of  operating  in  the  warm-wet  intermediate  climatic  areas  described  in 
AR  70-38,  as  changed.”  “The  engine  must  be  capable  of  starting  and  the  vehicle  being 
moved  within  30  seconds  under  required  climatic  conditions.” 

(2)  Small  Development  Requirement  for  Army  Aircraft  Weap  >ns  Handling  Vehicle, 
Multipurpose.  “The  vehicle  shall  be  abh-  to  operate  in  all  types  of  terrain  and  be 
deployable  by  airmobile  and  air  transportation  modes.” 

(3)  Small  Development  Requirement  for  Remote  .\rea  Demolitionist’s  Equipment 
Kit.  “Be  capable  of  being  employed  and  functioning  properly  and/or  stored  under  field 
conditions  in  wet-warm,  wet-dry,  humid-hot  coastal  desert,  hot-dry,  intermediate  hot-dry, 
intermediate  cold  and  cold  climatic  categories  defined  in  Chapter  2,  AR  70-38.” 

(4)  Qualitative  Materiel  Development  for  a Rapid  Soil  Stabilization  System.  Section 
II.  “2.  It  will  rapidly  and  subsUuitially  increase  the  trafficability  of  soil  to  support  foot 
troops,  animals,  vehicles,  and  aircraft  in  any  land  area  under  varied  environmental 
conditions.” 

f.  Others:  Not  applicable. 

9.  RESOURCES: 


a.  Financial 


Personnal  Compensation 

Permanent  full-time 
Part-time 

Travel 

Contractual  support 
Consultants  8c  other  sves 
Materials  &.  supplies 
Equipment 
G&A  costs 

Subtotals 
FY  Totals 


Dollars  in  Thousands 

FY  74 

In-house  Out-of-house 

15.4 

1.0 


35.9  

54.3 2^ 

56.8 
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b.  Explanation  of  Cost  Categories. 

(1)  Personnel  Compensation.  Not  applicable. 

(2)  Travel.  Not  applicable. 

(3)  Contractual  Support.  Not  applicable. 

(4)  This  investigation  will  be  closely  coordinated  with  the  Tank  Automotive 
Command  and  the  Corp  of  Engineers  who  are  primarily  responsible  for  development  of 
the  AMC  Mobility  Model.  Personnel  from  these  agencies  will  be  consulted  to  insure 
compatibility  with  the  overall  AMC  mobility  program. 

(5)  Materials  Sc  Supplies.  Not  applicable 

(6)  Equipment.  Not  applicable 

(^)  G&:A  Costs  arc  computed  at  the  rate  of  $22.00  per  direct  labor  manhours.  This 
rate,  provided  by  TTC  Budget  Office,  includes  overhead  cost  and  host-tenant  agreement 
support  cost. 


c.  Obligation  Plan. 

FQ  J_  1.  i.  ± TOTAL 
Obligation  Rate  29.8  27.0  56.8 

(Thousands) 

d.  In-housc  Personnel. 

( 1 ) Manhours 


Number  FY  74  Total 


Required 

Available 

Required 

Physicist,  G$-1310 

1 

300 

300 

300 

Forester/Botanists,  GS-0406 

1 

350 

350 

350 

Hydrologist,  GS-1315 

1 

350 

350 

350 

Research  Met,  GS-1340 

1 

130 

130 

130 

Phys  Science  Tech,  GS-1311 

1 

500 

500 

500 

Civ  Engr  Asst  (51G20) 

1 

500 

500 

500 

2130 

2130 

2130 

(2)  Resolution  of  non-availablc  personnel.  Not  applicable 


10.  INVESTIGATION  SCHEDULE: 

FY  74 


In-house 

Contract 

Consultants 
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11.  ASSOCIATION  WITH  TOP  PROGRAM: 


a.  Revisions-Results  of  this  investigation  will  be  incorporated  in  TOP  M-008, 
“Tropical  Environmental  Considerations”  and  MTP  2-4-003,  “Tropical  Environmental 
Test  of  Wheeled  and  Tracked  Vehicles.” 

b.  New  TOPs-Two  new  Background  TOPs  will  be  published  as  a result  of  these 
investigations:  (1)  a TOP  describing  techniques  for  measuring  the  density  of  tropic 
vegetation  and  (2)  a TOP  describing  the  environmental  characteristics  of  TTC  tropic  test 
areas. 


/s/Robert  F.  Callahan 
/t/ROBERT  F.  CALLAHAN 
COL,  Armor 
Commanding 


(END  COPY) 
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Organization:  US  Army  Jropic  Test  Center 


Investigation:  Mobility  Testing  in  Natural  Environments 


TRMs  No.  9 CO  009  000  015 


Total  Cost:  $56. 8K 


•Vproved  Cost  (FY  74):  825.0K 


Unfunded:  S31.8K 


Comments:  This  investigation  should  be  completed  during  FY  74. 
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D-1 


I 


Table  D-1.  Results  of 


Ti'5I  Test 
Number  Site 


Tree  Type 


M151A1,  1/4-Ton  Truck 


“SU'ow"®  Stem  Diomcier  Stem  Base!  Work  Required  Work  Required  Maximum  Force 

Heishi  Diameter  DBH  Diameter  ToFailTre.  To  Override  Trw  To  Fail  Tree 

(inches)  (inches)  (inches)  (inches)  (inches)  (lb-  m)  (lb  lUj  |j7oumlsj — ' 


1 

A 

Cochhstiemvtm  vn 

2 

A 

Cordia  athodom 

3 

A 

Sheelia  loiwiws 

4 

C 

Inga  marginata 

5 

A 

Cordia  alliodora 

6 

C 

Cordia  alliodora 

7 

c 

Hirtdia  americana 

8 

A 

Cordia  alliodora 

, 9 

C 

Apoiba  Uborbou 

10 

A 

CupaiUa  fufvida 

11 

A 

Mico/va  argentea 

12 

C 

Cordia  alliodora 

13 

A 

Inga  spuria 

14 

C 

Psidmm  gua/ava 

15 

C 

Bombacopsis  sessiln 

16 

A 

Miconia  argentea 

17 

A 

Miconia  argentea 

' 

C 

Miconia  angentea 

1 )9 

C 

Xylopia  fnitescens 

20 

C 

Annona  spragnei 

21 

C 

Cordia  alliodora 

i 

C 

Annona  spragnei 

1 23 

C 

Cordia  alliodora 

24 

A 

Zanthoxylum  sp 

25 

C 

Ceiba  pent  and r a 

26 

C 

Gustavio  superba 

' 27 

c 

A/ieiba  tiborboa 

28 

c 

Inga  marginata 

29 

c 

Micoma  albicans 

30 

c 

Guoiuma  ulnufoha 

<1  31 

c 

Apeiba  tiborbou 

1 32 

c 

Quassia  amara 

33 

c 

Apeiba  tiborbou 

! 34 

c 

Miconia  argentea 

1 35 

A 

Miconia  argentea 

j 36 

c 

Micoma  argentea 

I,  - -22 

c 

Annona  spragnei 

'Topless  Tree 

t No  override  lest  <,  onducled  (or  reasons  noted  in  remarks  column 
M715,  5/4-Ton  Trucic 

38  C Annono  spragnei  160  676 

39  C Cecmpia  sp  552  720 


Cochlospermum  vitifoUum 
Zanthoxytum  sp 
Xytopia  feutescens 
Cochlospermum  vililolium 
Cochlospermum  vitifolium 

Asirocaryum  standleyil  • 
Ar)nona  spragnei 
Byrsonima  crass! folia 
Cochlospermum  vitifolium 

Miconia  argentea 
Xylopia  feutescens 
Cecropia  sp 

Cochlospermum  vitifolium 
Cochlospermum  vitifolium 
Cecropia  sp 
Guazuma  ulmifolia 
Byrsonima  crassifoha 
Cordia  alliodora 
Cecropia  sp 

Cochlospermum  vitifolium 
Cochlospermum  vitifolium 
Miconia  argentea 


45  A 

46  C 

47  C 

48  C 


8S2000 

1058400 

1023364 

347760 

473(M0 

532)00 

476280 

t 


264480 

167280 

224960 

229680 

240340 

147440 

267520 

206400 

319680 

143640 

67840 

86860 

167960 

199080 

94500 

283960 

198720 

310400 

223200 

140160 


2061840 

1 

1895880 

1821600 

997600 

1212400 

t 

1122300 

3005600 

2169160 

1 

826200 

942300 

30056 

847000 

503200 

698640 

1019280 

1224960 

1358800 

717600 

1047200 

1284400 

t 


Single-Tree  Failure  and  Override  Tests 


Avcfage  Cone  Index Soil  Cljssificanon Moisture  Contei^t 

't.i  in>ur»>rorco  FtiiUire  0 to6’t  6 to  12*in  12*  to  18*in.  0 loB-in,  6*  to  12  in  0 to  6 in  6 t<»  12  ir 

ti,  nvt'Mtiio  Tt>»f  Angle  Mode  Failure Lover l.aycf Layer Layer Layer Layer Layer Rptnjrk*. 

LJetireev) 


1500 

72  6 

Taiitool  Tension 

225 

285 

300 

MH 

OH 

51  8 

.36  8 

2100 

71  6 

Root  Tension 

170 

220 

230 

NtH 

Mh  CM 

51  1 

58  0 

2460 

72,6 

Ufirooi 

220 

280 

300 

MH 

MH  CH 

54  2 

39  1 

840 

73  1 

Uproot 

290 

300 

300 

MH 

Mm 

40  1 

38  5 

1600 

74.5 

Root  Foilure 

220 

280 

300 

MH 

MHCH 

54  2 

39  1 

1700 

68  6 

Root  Tension 

250 

290 

300 

MH 

MH 

58  1 

42  4 

1080 

75  1 

Root  Failure 

200 

290 

300 

MH 

45  2 

43  9 

« 

76  6 

eiproot 

260 

300 

300 

MH 

f CH 

42  1 

40  4 

Tree  si'fj  ijn(jcr  ?rucK 
fiiring  Tiv'  rru’r  U 

2160 

70  3 

Rrot  Tension 

220 

280 

300 

MH 

MH 

46  3 

41  7 

Tr<  •'  ‘,1|T:  UHTlt'l  VT  »'!<  ' 

durinTj  t- 

1920 

65  6 

Uproot  and  Root  Tension 

220 

280 

300 

MH 

MHCH 

54  2 

39  1 

2100 

60  3 

Root  Tension 

170 

220 

2.30 

MH 

MH  CH 

51  1 

58  0 

Tree*  sir  s*»  i»>’ 

an*jh  vrhic^‘ 

1740 

72  4 

Elastic  Compression 

220 

280 

300 

MH 

MH 

45  3 

41  7 

1 

66  5 

Uproot 

260 

300 

3C0 

MH 

MH  CH 

42  1 

40  4 

T rrt»  '[(rr  a*  »'<•  '• 

Jtjrioi|  ovt-rr-di'  1*  $t 

840 

68  2 

Root  Failure 

200 

290 

300 

MH 

MH 

45  2 

•43  9 

t 

72  6 

Taproot  Tension 

200 

290 

300 

MH 

MH 

45  2 

43  9 

Topless  ir/>»»  oo*if„ri< 

1 

72  1 

Uproot 

260 

300 

300 

MH 

MH  CH 

42  1 

404 

Trr'O  slid  umJi'i  v*  hiC»' 
dunn-i  ov<’fr'(P'  t>-st 

I 

609 

Stern  Tension 

170 

220 

230 

MH 

MH  CH 

51  1 

58  0 

Soil  Laid  obst.  'ir 
preventod  ovcrrt'‘i'  i»  a' 

1160 

67  4 

Root  Tension 

220 

280 

300 

MH 

MH 

45  3 

41  7 

680 

69  7 

Root  Tension 

250 

290 

300 

MH 

MH 

58  1 

42  4 

760 

65  6 

Uproot 

250 

290 

300 

MH 

MH 

58.1 

42  4 

660 

69.3 

Stem  Tension 

200 

290 

300 

MH 

MH 

45.2 

43  9 

1220 

700 

Elastic  Compression 

220 

280 

300 

MH 

MH 

45.3 

41  7 

760 

65.1 

Stem  Tension  Shear 

250 

290 

300 

MH 

MH 

58  1 

42  4 

1280 

74.1 

Root  Tension 

260 

300 

300 

MH 

MHCH 

42  1 

404 

960 

65  1 

U(iroot 

250 

290 

300 

MH 

MH 

58.1 

42  4 

1080 

69  0 

Elastic  Failure 

200 

290 

300 

MH 

MH 

45.2 

43  9 

630 

73.4 

Taproot  Tension 

290 

300 

300 

MH 

MH 

40  1 

38  5 

640 

72  1 

Uproot 

290 

300 

300 

MH 

MH 

40  1 

38  5 

430 

68  2 

Elastic  Stem 

250 

290 

300 

MH 

MH 

58.1 

42  4 

680 

64.0 

Taproot  Tension 

250 

290 

300 

MH 

MH 

58  1 

42  4 

630 

66  5 

Uproot 

290 

300 

300 

Mh 

MH 

40.1 

38  5 

500 

62.9 

Elastic  Failure 

200 

290 

300 

MH 

MH 

45  2 

43  9 

1240 

71.3 

Stem  Tension 

220 

280 

.,00 

MH 

MH 

45.3 

41  7 

1080 

71.6 

Root  Tension 

250 

290 

300 

MH 

MH 

58.1 

42  4 

1600 

76  3 

Taproot  Tension 

225 

285 

300 

MH 

CH 

51  8 

.36  8 

1240 

67  4 

Root  Tension 

220 

280 

300 

MH 

MH 

45  3 

41  7 

640 

66.0 

Elastic  Stem* 

250 

290 

300 

MH 

MH 

58  1 

42  4 

4260 

75.4 

Taproot  Failure 

250 

270 

300 

MH 

MH 

55  0 

-6  8 

t 

68.2 

Uproot 

250 

290 

300 

MH 

MH 

58  1 

42  4 

Overndp  »r » 
due  to  ram 

4440 

69.7 

Taproot  Tension 

250 

270 

300 

MH 

MH 

55  0 

46  8 

4140 

68  8 

Uproot 

225 

285 

300 

MH 

CH 

51  8 

36  8 

2900 

68.2 

Root  Tension  and  Uproot 

250 

290 

300 

MH 

MH 

58.1 

42  4 

2800 

70  0 

Stem  Tension 

250 

270 

300 

MH 

MH 

55  0 

46  8 

t 

74.6 

Taproot  Tension 

250 

270 

300 

MH 

MH 

55  0 

46  8 

Tre*‘  top  broke  oft 
during  foduro  test 

4300 

75.4 

Uproot 

260 

JOO 

300 

MH 

MH  CH 

42  1 

404 

6800 

64  4 

Root  Tension 

250 

290 

300 

MH 

MH 

58.1 

42  4 

5080 

66  8 

Root  Tension 

250 

270 

300 

MH 

MH 

55.0 

46  8 

t 

70.0 

Stem  Tension 

250 

270 

300 

MH 

MH 

05  0 

46  8 

Tree  top  broke  off 
during  failure  test 

2700 

70.0 

Taproot  Tension 

220 

280 

300 

MH 

MH 

45  3 

41  7 

2700 

59.0 

Stem  Shear  a,ad  Root  Tension 

250 

290 

300 

MH 

MH 

58  1 

42.4 

2440 

67.9 

Root  Tension 

25,3 

270 

300 

MH 

MH 

55.0 

46  8 

2200 

73.9 

Taproot  Tension 

250 

270 

300 

MH 

MH 

55.0 

46  8 

1360 

73  3 

Root  Tension 

250 

270 

300 

MH 

MH 

55.0 

46  8 

1640 

66.0 

Root  Tension 

220 

280 

300 

MH 

MH 

45.3 

41  7 

3720 

68  8 

Uproot 

220 

280 

300 

MH 

MH 

45.3 

41  7 

3520 

63.4 

Root  Tension 

250 

290 

300 

MH 

MH 

58.1 

42  4 

3440 

67  2 

Root  Tension 

250 

270 

300 

MH 

MH 

55.0 

46  8 

2080 

71.6 

Uproot 

250 

270 

300 

'4H 

MH 

55  0 

46  8 

2800 

73.7 

Taproot  Tension 

220 

280 

300 

.‘1H 

MH 

45.3 

41  7 

3800 

71  1 

Taproot  Tension 

250 

270 

300 

MH 

.1H 

55.0 

46  8 

t 

71  6 

Uproot 

250 

290 

D-.3 

300 

MH 

Mh 

58  1 

42.4 

Tree  slid  under  veh» 
ourinq  override  te<l 

Table  D-1  (cont) 


Test 

Mumber 

Test 

Site 

Tree  Type 

Branching 

Height 

Tree 

Height 

Crown 
Oiame  er 

Stem  Diameter 
DBH 

Stem  Basal 
Diameter 

Work  Requtred 
To  Fail  Tree 

Work  Required 
To  Override  Tree 

Maximum  Force 
To  Fail  Tree 

(inch'-s) 

(inches) 

(inches) 

(inches) 

(inches) 

(lb  m) 

(lb  ir.) 

(pounds) 

M715,  5/4-Ton  Truck  (cont) 

C? 

63 

04 

65 

C 

C 

C 

C 

Zomhozyhim  sp 
Coch!os/fOrmurn  vitifoln/m 
Corciia  alliodora 
Mteoma  argentea 

124 

332 

144 

158 

336 

424 

326 

365 

248 

97 

60 

103 

3.9 

3.9 

3.8 

3.5 

6.2 

56 

5.0 

38 

316500 

194300 

266960 

278400 

694260 

1085280 

334080 

t 

4220 

2900 

2840 

2900 

66 

C 

Zanthozylurn  sp 

267 

414 

127 

35 

5.4 

438000 

1 

5840 

67 

68 
69 

C 

A 

C 

CurateUa  amencana 
Lueftea  seemanntt 
V/snua  (errugmea 

178 

158 

31 

288 

363 

308 

101 

57 

144 

3.4 

3.3 

3.1 

4.2 

5.2 
52 

277200 

949140 

232320 

364080 

2187360 

t 

4200 

5060 

2420 

70 

71 

72 

73 

74 

75 

76 

C 

c 

c 

c 

c 

c 

c 

Miconia  argentea 
Micoma  argentea 
Protmm  asperum 
Micoma  argentea 
Moraceac* 
Mtcoma  argentea 
Annona  spragnet 

150 

147 

180 

M4 

285 

108 

132 

309 

294 

341 

288 

429 

264 

300 

155 

105 

147 

120 

120 

132 

120 

3.0 
2.8 
2.8 
2.6 
2.6 
2.2 

2.1 

38 

36 

3.5 

42 

3.2 

4.0 

28 

175200 

156600 

102080 

140600 

179200 

192960 

279720 

272400 

321600 

493020 

376640 

686200 

403200 

429400 

2400 

2900 

2320 

1900 

2800 

2680 

3780 

• Specimen  not  readily  identified  since  tree  sample  was  sterile  at  time  o‘  test, 
t No  override  test  conducted  for  reasons  noted  in  reman  s column. 

M36A2,  5/2-Ton  Truck 


1 


77 

C 

Inga  spuna 

540 

6.34 

250 

78 

C 

Caloptiyllum  sp 

370 

6 1C 

270 

79 

C 

Annona  t;  ansi 

387 

608 

108 

80 

A 

Cordia  allionora 

444 

580 

103 

81 

C 

Cochlospa'm'jn  vitl/olium 

440 

735 

168 

82 

A 

Astro:ai,i.'r  andhyii 

294 

494 

336 

83 

C 

Calophyilun’  so 

116 

456 

235 

84 

C 

ApeiOa  tiborhuu 

178 

564 

132 

85 

C 

Micoma  argentea 

388 

648 

171 

86 

C 

Inga  spuria 

317 

540 

329 

87 

C 

Inga  spuria 

282 

532 

192 

88 

A 

Inga  spuria 

456 

612 

255 

89 

A 

Zanthoxyluni  beluensis 

198 

549 

21S 

90 

A 

Inga  spuna 

300 

632 

220 

91 

A 

Inga  spuria 

336 

461 

139 

92 

C 

Micoma  argentea 

324 

552 

261 

93 

A 

Luehea  speciosa 

339  • 

510 

204 

94 

A 

Micoma  argentea 

340 

5>6 

185 

95 

A 

Inga  spuna 

348 

510 

252 

96 

A 

Fabaceae' 

84 

462 

192 

97 

A 

Zanthoxylum  panamense 

397 

510 

185 

98 

C 

Unidentified* 

364 

509 

72 

99 

C 

Miconia  argentea 

192 

393 

200 

100 

c 

Cocblospermum  vitilolium 

258 

530 

144 

101 

A 

Zanthoxylum  sp 

156 

400 

140 

102 

A 

Unidentified' 

598 

684 

144 

103 

A 

Fabaceae' 

252 

436 

168 

104 

C 

Dalbergia  retusa 

336 

570 

168 

105 

A 

Micoma  argentea 

426 

576 

180 

106 

A 

Cocblospermum  vitifolium 

239 

411 

132 

C 

Dalbergia  retusa 

169 

462 

245 

A 

Inga  margmata 

69 

.336 

256 

101 

A 

Micoma  argentea 

134 

372 

129 

no 

C 

Inga  spuna 

216 

456 

155 

111 

C 

Dalbergia  retusa 

156 

300 

152 

112 

A 

Brownea  ariza 

15P 

364 

123 

113 

A 

Tarminalia  amazonia 

33d 

492 

176 

114 

C 

Protium  asperum 

213 

384 

144 

115 

c 

Inga  spuna 

27 

360 

24 

•Specimen  not  readily  identified  since  tree  sample  was  sterile  at  time  of  test. 
I No  override  tests  conducted  for  reasons  noled  in  remarks  column. 


7.t 

8.7 

1557360 

1 

15120 

6.5 

89 

1108600 

3587160 

9640 

6.1 

9.9 

400000 

1454160 

8000 

6.1 

6.9 

703080 

2522660 

7560 

6.0 

7.3 

408720 

2154960 

5240 

0.9 

7.3 
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Average  Cone  index 


Soil  Classification 


Moisture  Content 


Maximum  Force  Failure 
To  Override  Tree  Angle 


Mode  of  Failure 


0 to  6 ir). 
Laver 


6- to  12in 
Layer 


12  to  18'in. 
Laver 


0 to  6'in. 
Laver 


6-  to  12-in. 
Laver 


0-  to  6-in. 
Laver 


6-  to  12  in. 
Layer 


Remarks 


(pounds!  (degrees) 


2660 

72.3 

Root  Tension 

220 

280 

3040 

70  3 

Taproot  Tension 

250 

270 

1440 

75.7 

Uproot 

250 

290 

t 

76.0 

Root  Tension 

250 

290 

t 

72.3 

Uproot 

250 

290 

1640 

70.0 

Taproot  Tension 

220 

280 

7440 

70.8 

Taproot  Tension 

260 

300 

t 

76.0 

Root  Tension 

220 

280 

1200 

71  8 

Stem  Tension 

250 

270 

1340 

66.0 

Taproot  Tension 

250 

290 

1660 

61.4 

Stem  Tension 

240 

300 

1760 

72.0 

Uproot 

250 

270 

1880 

69.4 

Uproot 

240 

300 

2100 

71.6 

Root  Tension 

220 

280 

1900 

72.0 

Stem  Tension 

220 

280 

300 

MH 

MH 

45.3 

41  7 

300 

MH 

MH 

55.0 

46.8 

300 

MK 

MH 

58,1 

42  4 

300 

MH 

Mh 

58.1 

42.- 

Tree  top  broke  off 
during  failure  test 

300 

MH 

MH 

58  1 

42  4 

Tree  slid  under  vehicle 
during  override  test 

300 

MK 

MH 

45.3 

41  7 

300 

MH 

MHCH 

42  1 

40.4 

300 

MH 

MH 

45  3 

41.7 

Ditc  obstacle  prevent,»d 
override  tc>t 

300 

MH 

MH 

55.0 

46  3 

300 

MH 

MH 

58.1 

42.4 

300 

MH 

MH 

62  8 

39.9 

300 

MH 

MH 

55.0 

46.8 

300 

MH 

MH 

62.8 

39.9 

300 

MH 

MH 

45  3 

41  7 

300 

MH 

MH 

45.3 

41.7 

t 

71.7 

Uproot 

150 

250 

300 

MH 

MH 

51.6 

40.4 

Tie  rod  bent  during 
override  tests 

7160 

73.5 

Uproot 

210 

280 

300 

MH 

MH 

57  4 

43.6 

2920 

56.8 

Uproot 

29U 

300 

300 

MH 

MH 

40.1 

38.5 

Field  notes  on  soils 
data  lost 

5180 

69.9 

Stem  Tension 

— 

— 

— 

MH 

MHCH 

— 

3280 

66.4 

Uproot 

210 

280 

JOO 

MH 

MH 

57.4 

43  6 

8920 

62.7 

Uproot 

170 

250 

270 

MH 

MHCH 

62  4 

58.2 

4100 

60.5 

Taproot  Tension 

210 

280 

300 

MH 

MH 

57  4 

43.6 

Tree  top  broke  oil 
during  failure  test 

t 

66.2 

Uproot 

240 

300 

30 

MH 

MH 

62.8 

39.9 

3260 

64.1 

Upioot 

240 

300 

300 

MH 

MH 

62,8 

39.9 

3260 

66  4 

Uproot 

•’'J 

300 

300 

MH 

MH 

62,8 

39.9 

Tree  top  broke  off 
during  failure  test. 

t 

74.5 

Uproot 

150 

250 

300 

MH 

MH 

51.6 

40  4 

4780 

65.4 

Uproot 

220 

250 

290 

MH 

MHCH 

55  8 

48.5 

Field  notes  on  soils 
data  lost. 

4640 

68.0 

Uproot 

— 

— 

— 

MH 

MHCH 

* “ 

7220 

42.9 

Uproot 

— 

— 

— 

MH 

MHCH 

— 

— 

Field  notes  on  soils 
data  lost 

7060 

53.5 

Stem  Tension 

220 

250 

290 

MH 

MH-CH 

55  8 

48.5 

3240 

61.3 

Uproot 

290 

300 

300 

Mh 

mn 

40  1 

38.5 

4040 

69  7 

Uproot 

220 

250 

290 

MH 

MHCH 

55  8 

48.5 

3600 

56  8 

Uproot 

220 

250 

300 

MH 

MH-CH 

55.8 

48.5 

3120 

70.5 

Uproot 

220 

250 

300 

MH 

MH-CH 

55.8 

48  5 

6680 

72.4 

Uproot 

170 

250 

270 

MH 

MHCH 

62.4 

58.2 

4840 

68.7 

Uproot 

220 

250 

300 

MH 

MHCH 

55.8 

48.5 

3680 

67.5 

Uproot 

240 

300 

300 

MH 

MH 

62.8 

39.9 

2880 

62.7 

Uproot 

200 

260 

300 

MH 

MH 

61.5 

47.0 

4180 

69.7 

Stem  Tension 

200 

260 

300 

MH 

MH 

61.5 

47.0 

2660 

67.0 

Root  Tension 

220 

250 

290 

MH 

MH-CH 

36.1 

48.4 

2680 

52.2 

Uproot 

220 

250 

290 

MH 

MH-CH 

55.8 

48.5 

3640 

72.1 

Uproot 

170 

250 

270 

MH 

MH-CH 

62.4 

58.2 

2960 

63.8 

Stem  Tension 

240 

300 

300 

MH 

MH 

62  8 

nq  9 

6100 

68.0 

Uproot 

220 

250 

290 

MH 

MH-CH 

55.8 

48.5 

1540 

68.S 

Root  Tension 

— 

— 

— 

MH 

MH-CH 

Field  notes  on  soils 
data  lost 

2860 

62.0 

Uproo' 
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300 
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MH 

MH 

40.1 

38  5 

3060 

63.1 

Root  Tension 
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290 
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MH 
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62.8 

39.9 

2140 

58.3 

Stem  Tension 

240 

300 

300 

MH 

MH 

62.8 

39,9 
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Table  D-2.  Result  of  Multiple-Tree  Failure  and  Override  Tests 


* Compmed  from  single-tree  fail-and-override  equations  pertinent  to  each  vehicle  for  comparison  to  average  force  in  foregoing  column. 
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